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Abstract 
This paper aims to model, simulate and perform the stress analysis of an actual low loader structure consisting of I-beams design 
application of 35 tonne trailer designed in-house by Sumai Engineering Sdn. Bhd, (SESB). The material of structure is Low Alloy Steel A 
710 C (Class 3) with 552 MPa of yield strength and 620 MPa of tensile strength. The scope of this study concern on structural design of 
the I-beams for info and data gathering, which will be used for further design improvement. Finite element modeling (FEM), simulations 
and analysis are performed using a modeling software i.e. CATIA V5R18.Firstly, a 3-D model of low loader based on design from SESB 
is created by using CATIA. Stress and displacement contour are later constructed and the maximum deflection and stress are determined 
by performing stress analysis. Computed results are then compared to analytical calculation, where it is found that the location of 
maximum deflection agrees well with theoretical approximation but varies on the magnitude aspect. Safety factor for the low loader 
structure has also been calculated. In the end, the current study is important for further improvement of the current low loader chassis 
design. 
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Humanoid Robots and Bio-Sensor (HuRoBs), Faculty of Mechanical Engineering, UniversitiTeknologiMARA. 
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Nomenclature 
l  length of cross-sectional area of I-beam 
w  uniform load 
y  vertical distance perpendicular to neutral axis 
E  modulus of elasticity (N/m2) 
I  moment of inertia (m4) 
 
Greek symbols 
Vmax, (beam A) maximum stress at beam A on low loader chassis 
wmax, (beam B) maximum deflection at beam B on low loader chassis 
1. Introduction 
A semitrailer low loader is an articulated vehicle with a low deck chassis design. As it is intended for heavy-weight 
transportation, a low loader chassis is practically designed by the integration of steel beams. In order to satisfy various 
customer needs and payload applications, designers have wide of chassis design selections. However, there are specification 
standards or regulations need to be conformed in designing low loader in global market.  
In Malaysia, the low loader design specifications are regularized by the Motor Vehicles (Construction and Use) Rules 
1959. Recognized as one of well-known low loader manufacturers in Malaysia, SESB has developed a new design of low 
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loader that conforms to the standard. This study attempted to analyse stress on the low loader structure design using finite 
element analysis (FEA).This is important because the simulation data are useful for further design improvement and 
subsequently leads to cost effectiveness, thus market competitiveness. Fig. 1 depicts a low loader produced by SESB. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: SESB low loader 
 
Stress analysis is important in fatigue study and parts' life prediction where it aims to determine the critical point which 
has the highest stress [1]. Safety factor is used to provide a design margin over the theoretical design capacity. This allows 
consolidation of uncertainties in the design process. It is recommended by the conditions over which the designer has no 
control on the sources that are accounted for the uncertainties involved in the design process. In this study, safety factor rate 
with respect to design loading that is applied on the chassis has been investigated. 
2. Literature Review 
Many researchers had conducted analysis on chassis of various heavy vehicles. Abd Rahman et. al. investigated stress 
analysis on a heavy-duty truck chassis using finite element method [1]. Finite element result had shown that the critical 
point of stress occurs at opening of chassis which is in contact to the bolt. Thus it is important to reduce stress magnitude at 
the specific location. Previous FEA agrees well with the maximum deflection of simple beam loaded by uniformly 
distributed force. Ebrahimi et. al. constructed a hay trailer model and its components analysis were carried out [3]. Sane et. 
al. performed stress analysis on a light commercial vehicle chassis using iterative procedure for reduction of stress level at 
critical locations[4].Koszalka et. al. accomplished stress analysis on a frame of semi low loader using FEM[5]. Two 
versions of frame design were analyzed, focusing on the part of beam where the highest stresses were located. 
 
3. Methodology 
 
The main objective of the study is to obtain a preferable design safety factor for the low loader design. Safety factor 
value was varied and the results of FEA i.e. maximum stress and deflection were then compared to the analytical value. 
Safety factor from analysis which results in close but not exceeding the theoretical values was selected. The overall study 
process is as in Fig. 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Process flow in analyzing SESB low loader 
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3.1. Modelling 
3-D modelling was done using CATIA software and Fig. 3 shows the 3-D model that has been generated from 2-D 
drawing provided by SESB. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: 3D model of SESB low loader chassis 
3.2. Finite Element Analysis 
The safety and the strength of low loader are important issues for the chassis structure. To meet these requirements, it is 
essential to perform a static analysis on the low loader chassis. Static analysis was done using finite element method as it is 
an effective and efficient approach. CATIA software is used for finite element analysis. The analysis was performed based 
on following assumptions:- 
 
• The maximum design of payload for the low loader chassis structure during application is approximately 350kN. 
• The total load is distributed over the contact surface on chassis structure.  
3.3. Material  Selection 
The raw material for the low loader chassis structure is ASTM Low Alloy Steel A 710 C (Class 3).The property of the m
aterial is presented in Table. 1 while Fig. 4 shows the stress-strain diagram for the used raw material respectively. 
Table 1. Material Properties of The SESB Low Loader  
Chassis [1,6] 
Modulus Elasticity ,E (Pa) 207 x 109 
Density (kg/m3) 7800 
Poisson Ratio 0.3 
Yield Strength (MPa) 550 
Tensile Strength (MPa) 620 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4: Stress And Strain Curve for ASTM Low Alloy Steel A 710 C (Class 3) [1]. 
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3.4.  Meshing 
The model has been meshed as the parabolic element type as shown in Fig.5. The size of each element is set to 50mm. 
The parabolic element is more accurate than linear element type in any analysis work. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5: Meshing of low loader chassis (inset figure shows enlarged meshing on structure's surface) 
3.5.  Boundary Conditions 
Boundary conditions for the model were two area of fixed point applied on model, namely BC1 and BC2. As shown in 
Fig. 6, BC1 was applied on contact surface between front of the chassis and gooseneck part during attachment, while BC2 
was applied on contact surface between chassis and axle. Fig. 7 displays the actual boundary condition on the low loader 
chassis. 
Fig. 6: Boundary conditions, BC1 and BC2 on the low loader chassis model 
3.6.  Loading 
Fig. 8 below shows the force that has been imposed downward to the structure model. The load is distributed uniformly 
along contact surface area. The load is derived from the weight of application loading. The total surface contact area is 
10.8233 m2. 
 
 
 
 
 
 
 
 
 
 
 
a)b)  
Fig. 8: a) Loading distribution on low loader chassis and b) loading distribution as seen from side view 
Fig. 7: Boundary conditions representation on chassis of (a) 
BC1 and (b) BC2. 
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4. Results and Discussion 
Fig. 10 shows the stress distribution on the model. It can be seen that the maximum Von Misses (VMS) stress is 
concentrated in BC1 under loading. The maximum stress value was 571.4 MPa on Beam A. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9: Maximum Von Misses Stress on the chassis  Fig. 10: Maximum deflection observed on Beam B 
 
Fig. 10 shows the deflection on the model. It is observed that the maximum deflection is pointed in situated in between 
BC1 and BC2 with magnitude of 7.79mm. The results of the numerical analysis revealed that the location maximum 
deflection and maximum stress agrees well with theoretical maximum location of simple beam loaded by uniform force. 
However, the maximum value occurs on Beam B due to different size of I-beam. Physical properties Beam A and Beam B 
are provided in Table 2. 
 
Table. 2. I-Beams characteristic on low loader chassis 
 Beam A 
W457 x 191 
Beam B 
W356 x 127 
Cross-section 
 
 
 
 
 
 
 
Length, l (m) 8.1683 8.1446 
Surface Area (m2) 1.5602 1.0343 
Uniform Load, w (N/m) 42848.1530 4106.8989 
Moment of Inertia, I (10-4m4) 3.5966 1.4587 
Perpendicular distance to 
neutral axis, y (m) 0.2285 0.1780 
 
 
For analytical calculation, the structure is considered as uniform distribution of load at simple beam. The maximum 
stress and maximum deflection can be calculated as Eq. 1 and Eq. 2 respectively. 
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Table. 3 presents the numerical FEA results regarding analysis work to obtain safety factor for the model. There is 
difference of the value of maximum stress and deflection between numerical simulation and analytical calculation. The 
value for analytical calculation is higher as compared to numerical simulation. This is possibly due to:- 
 
x Approach of load distribution, load on simulation been distributed to model surface compare distribution of  single beam 
surface for analytical calculation  
x The geometry model for simulation is in complex 3-D geometry rather than simple 2-D theoretical beam approximations 
for analytical calculation. 
 
Table.3.FEA results with different design loading 
Safety Factor Load(kN) Maximum Deflection(mm) Maximum VMS (N/m2) 
1.0 350 1.85 0.5714x108 
1.5 525 2.75 0.8571 x108 
2.0 700 3.70 1.1429 x108 
2.5 875 4.62 1.4282 x108 
3.0 1050 5.55 1.7145 x108 
3.5 1225 6.47 2.0000 x108 
4.0 1400 7.40 2.2857 x108 
Analytical  7.79 2.2674 x108 
 
Department of Structure and Transport of Australian [7] suggests that manufacturers should be able to demonstrate that 
the trailer structure is capable of supporting the designed payload with safety factor of at least 3.0 for highway usage and 
value of 5.0 for off-road environment. From the analysis, safety factor of 3.5 was found to have the closest VMS value of 
2.0000 x 108 N/m2 without exceeding the theoretical value, i.e. 2.2674 x 108 N/m2. Fig. 11 presents the Von Misses stress 
distribution on the low loader model subjected by static loading whereas Fig. 12 shows the deflection displacement trend 
from same static loading. 
Fig. 11: Stress-Load graph for safety factor 
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Fig. 12: Load-Deflection graph for safety factor 
 
From the graphs (Fig. 11 and 12), it could be seen that the current design could withstand up to three times of the design 
load (350 kN). 
5.  Conclusion 
Stress analysis using finite element method was successfully carried out to determine high stress value, maximum 
deflection and its location on a low loader chassis structure. The corresponding technical drawing and information of the 
low loader chassis obtained was utilized to develop the finite element model. The results of analysis revealed that the 
location maximum deflection and maximum stress agrees well with theoretical maximum location of simple beam under 
uniform loading distribution. The design safety factor for low loader structure is established to be at 3.5 based on the 
analysis. 
This study found out that there is discrepancy between the theoretical (2-D) and numerical (3-D FEA) results. Therefore 
further analysis will be performed to improve the current FE model. Apart from that, future study will include experimental 
investigation to determine actual deflection of a similar beam. Structural analysis to optimize the number of I-beams that 
lead to weight and cost reduction will be reported imminently. 
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